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RESEARCH SUMMARY 


Two timber sales in north Idaho were experimentally relogged to determine 
if residues could be reduced through imposition of strict wood utilization standards. 
Relogging took place in 1975, one year following the initial logging. The 57-acre 
(23.1-ha) Danby Ridge sale, which had never been logged before, had an over- 
story of mixed sawtimber of medium stocking, 160 years old, and an understory 
of mixed polesize material of poor stocking, 80 years old. The 23-acre (9. 3-ha) 
Lee Creek sale, which had been logged for cedar in the 1950's, had an overstory 
of mixed, 100-year-old sawtimber of medium stocking, with an understory of 
60-year-old, poorly stocked, mixed polesize material. 


The initial logging removed only green sawlogs 8 feet (2.44 m) long to a 10- 
inch (25.4-cm) top, or 10 feet (3.05 m) long to an 8-inch (20.32-cm) top, con- 
taining a minimum of 10 board feet (3 ft?) and more than one-third sound. On 
Danby Ridge, about 15.7 thousand board feet per acre was harvested; about 6.7 
thousand board feet per acre remained as dead and green residue; and about 0.1 
thousand board feet per acre remained as residual timber. Volumes on Lee Creek 
were 9.8 thousand board feet harvested. 6.5 thousand board feet residue, and 
2.5 thousand board feet residual timber. 


On a 5-acre study plot, post-harvest residues 3 inches (7.62 cm) indiameter 
and larger amounted to 8, 940 cubic feet (253 m®) on Danby Ridge and 8, 978 cubic 
feet (255 m?) on Lee Creek. Relogging to recover material suitable for pulp, 
shake bolts, fence posts, and sawlogs with a 4-inch (10.16-cm) top, resulted in 
recovery of 5,291 cubic feet (150 m?) on Danby Ridge, a residue reduction of 
59 percent. An additional 3,931 cubic feet (113 m®) was harvested on Lee Creek, 
a residue reduction of 44 percent. 


On Danby Ridge, most of the salvage was suitable only for pulp, whereas on 
Lee Creek many pieces qualified for other products. Salvaged wood was skidded 
to the roadside but none was actually sold because the market for such materials 
softened as the study was nearing completion. 


Production rates were measured for two harvesting machines common to 
north Idaho-~-a Caterpillar D2 tractor and a John Deere 540 rubber-tired skidder. 
On Danby Ridge, the tractor skidded 623 pieces (6, 026 ft?) (168.7 m°) an average 
one-way distance of 70 feet (21.34 m) in 44 hours. On Lee Creek, the skidder 
moved 625 pieces (3, 062 ft?) (85.7 m’) an average 204 feet (62.18 m)in 22 hours. 
Because of larger piece size on Danby Ridge, the two machines moved about the 
same volume of wood per hour. 


The skidder operated at below payload capacity because residues were in 
small pieces. The tractor, although working close to capacity, was impeded by 
not having a winch. Until special harvesting equipment designed to handle re- 
sidues is available, the small, multi-purpose skidder will remain the most prac- 
tical machine for salvage logging. 
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INTRODUCTION 


The forester of today must increase the supply of wood fiber from a shrinking tim- 
berland base while minimizing environmental damage, aesthetic disturbances, and fire 
- hazards. One important method for accomplishing these objectives is to utilize more of 
the residue resulting from treatments of mature stands. 


Although forest industries in the Northern Rockies are obtaining an increasing 
amount of raw wood from residues formerly abandoned or burned, volumes and characterists 
of this material and prospects for additional wood utlization are largely unknown in 
mixed conifer types of north Idaho. Little quantitative data is available on the efforts 
expended and results of adopting stringent utilization standards. 


This report describes experimental relogging of two State of Idaho (Department of 
Lands) timber sales in the mixed-conifer type of north Idaho. The relogging was con- 
ducted in July and August of 1975. Both sales had been conventionally harvested within 
one year of the relogging. The study was intended to answer the following questions: 


1. What are the volume and characteristics of logging residue after conventional 
logging? 


2. What additional products and wood volumes could be removed in a relogging 
operation imposing stringent utilization standards? 


3. What are the residue volumes and characteristics after relogging? 


4. What relogging production rates might be expected using equipment common to 
north Idaho? 


The study revealed that logging residues can be reduced approximately 40 to 60 
percent in cubic volume, and significant quantities of useable raw wood can be recover- 
ed by imposing logging standards more stringent than normal. Relogging production 
rates were dependent on machine condition, capacity, and flexibility as well as site 
conditions and residue characteristics. Economic feasibility of relogging which de- 


pends upon the prevailing market for small logs and pulp bolts, was beyond the scope of 
this study. 


THE STUDY AREAS 


Selection of Study Areas 


During the spring of 1975, six recently logged areas representing the mature, 
mixed-timber types of north Idaho were selected for preliminary residue measurments. 
A cutting block on each sale was transect-inventoried to determine residue character 
and volume. Comparison of timber sale statistics and transect survey results provided 
the basis for estimating amounts of wood harvested and residues. The range of stand 
conditions utilization standards, and residue amounts are presented in appendixes I and 
II to allow the interested reader to make generalizations concerning his own situation. 
The following criteria were used to select the study areas. 


1. Utilization standards of sale and logging methods 
2. Silvicultural treatment 


3. Sale volume per acre 


Age of timber cut and remaining timber 
Species mixture on area 
Availability of sale records 


Degree to which residues represented post-logging conditions 


Study Area Descriptions 


The Danby Ridge sale near Rathdrum and the Lee Creek sale, east of Priest Lake, 
were selected for study on the basis of similarities and differences, as follows: 


Ih 


Similarities 

Terrain in both cases was gentle--10 to 15 percent. 

Only sawlogs were removed in the harvesting. 

Utilization standards were very similar. 

Both areas were harvested with small-to medium-sized mobile skidders. 
Access was excellent on both sales. Two or more sides were roaded. 
Sales records were good. 

Residue had been on the site for one year or less. 


The following stand descriptive criteria were in effect at the time of the 
conventional harvest. Sawtimber was 11.0 inches (27.94 cm) d.b.h. and larger; 
polesize was 5.0 to 10.99 inches (12.7 to 27.92 cm) d.b.h.; medium-stocked was 
76 to 149 square feet (7.06 to 13.84 m2) of net basal area per acre, or 40 to 
70 percent by crown closure; poorly stocked was 20 to 57 square feet (1.86 to 
5.30 m2) of net basal area per acre, or 10 to 40 percent by crown closure. 


Differences 


A seed tree cut of Danby Ridge removed 160-year-old stems and most of the 
volume (fig. 1). In contrast, a commercial thinning removed 100-year-old 
stems and about 80 percent of the volume of Lee Creek (fig. 2). 


The Danby Ridge sale, situated on a ridgetop exposed to frequent high winds 
and thunderstorms, had a high percentage of cull and broken-top trees (fig. 1). 
In fact, the seed tree cut actually turned out to be a clearcut, with 
scattered reproduction and 60- to 80-year-old poles. Lee Creek, located in a 
draw and bordered by a creek, was a healthy stand before and after harvesting. 


Danby Ridge had no history of past logging on the study site, although parts 
of the surrounding sale area had been previously harvested. Lee Creek had 
been cut for cedar products in the 1950's. Most of the dead, rotten pieces 
came from this operation. 


Prior to harvesting, the timber overstory on Danby Ridge consisted of mixed 
sawtimber, medium-stocked, 160 years old. The understory was mixed polesize 
material, poorly stocked, 80 years old. Overstory on Lee Creek was mixed 
sawtimber, medium-stocked, 100 years old. Understory vegetation was composed 
of mixed polesize material, poorly stocked, 60 years old. 
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STUDY METHODS 


Inventory Procedures 


A 5-acre (2.02-ha) rectangular block on each of the two sites was laid out and all 
residue more than 8 feet (2.44 m) in length and 3 inches (7.62 cm) in diameter (small 
end) was measured. Original wood volume on the two study sites and the progressive 
effects of each treatment on residue amount and character were compared. Conventional 
logging was measured in board feet, relogging in cubic feet. Much of the residue re- 
maining after logging was too small to be expressed in board feet. Only residue 3 
inches (7.62 cm) or more in diameter was measured on the 5-acre (2.02-ha) study areas; 
residue smaller in diameter was deemed useless. A board foot: cubic foot ratio was 
computed for comparing the two measurements of volume. 


Relogging Production Procedures 


Two methods of skidding were compared on a round-trip basis. Miscellaneous pro- 
duction and nonproduction time was also analyzed. Skidding was timed with a stop watch 
and the turn pieces and volumes tallied. 


CONVENTIONAL LOGGING 


Utilization Standards and Products 


Sawlogs.--Only green sawlogs (8 feet [2.44 m] long to a 10-inch [25.4-cm] top, or 
10 feet [3.05 m] long to an 8-inch [20.32-cm] top) containing a minimum of 10 board 
feet (3 ft%) and more than one-third sound were considered merchantable and were removed 
from both study areas. "One-third sound" meant that a piece containing a gross scale 
of 30 board feet must have 10 sound board feet to be merchantable. Rot, sweep, crook 
and checks were considered defects. Summation of cubic volume contained in residue 
pieces grossing 10 board feet revealed that an average 10-board-foot piece contained 
approximately 3 cubic feet. 


Pulpwood.--Although no pulpwood was removed, Department of Lands pulp standards 
were hypothetically applied to determine how removal of this additional product would 
have affected residue volumes. 


Pulpwood is defined as green or dead softwoods not merchantable for sawlogs but 
containing 10 board feet of pulpable material, and having one-third or more of the 
gross volume in sound wood. 


Rot-infected wood is considered merchantable for pulpwood if the wood fibers can- 
not be extracted from the end of the log with the fingers. Logs having an unmerchant- 
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able core greater than the maximum allowable size listed in table 11 of A Manual of 
Instruction for Log Scaling and the Measurement of Timber Products (State of Idaho VO- 
ED No. 38) are not considered merchantable. Checks, splits, crook, and blue stain are 
not considered as defects in determining pulpwood volume. 


Pre-Harvest Inventory 


The pre-harvest inventory was found by adding green and dead pieces containing 10 
or more gross board feet to the volume of the residual stand and scaled logs removed. 
Table 1 shows the pre-harvest volumes. 


Table 1--Preharvest volumes on north Idaho timber sales 


: : Volumes per acre 
Sale : Sale : : : Green : Dead 


name s size : Removed : Residual! : Residue : Residue : Total 
ACr@S wenn nnn -------- Thousand board feet----------------- 

Danby Ridge Silo) So 7/ 0.1 Ziad oe) DDS 

Lee Creek 250 9.8 DS oa 4.8 18.8 


1 Includes trees that blew down following logging. 


Post-Harvest Inventory 


Board foot and cubic residue volumes (pieces 8 feet [2.44 m] and longer and 3 inches 
[7.62 cm] and more in diameter) left after conventional logging are shown in table 2. 
Principle findings are: 


1. Dead residue made up most of the gross volume on both study areas; however, 
green pieces were more abundant in both instances. 


2. Rot was rather evenly spread between green and dead material on Danby Ridge 
regardless of piece volume. Large pieces, both dead and green, contained a 
high percentage of cull material on Lee Creek. Small pieces (less than 3 cubic 
feet) were generally defect free. 


3. Useable (met) residue pieces on Danby Ridge were larger and less numerous than 
those on Lee Creek. 


Because conventional methods of board-foot measure disregard pieces with end dia- 
meters less than 6 inches (15.24 cm), cubic volume provides a much better measure of 
total volumes than board-foot volume. However, a board foot:cubic foot ratio was 
desired to allow referral to the Pre-Harvest Inventory (table 1) and permit further cat- 
egorization of the residue occurring on the two sites. Because this ratio is greatly 
influenced by piece size, a general ratio to cover the range of diameters was needed. 

On Lee Creek, dead residue (material dead before initial harvesting) was larger than 


the green residue (created in the harvesting). Residue condition was then used to 
obtain board foot:cubic foot ratios for pieces containing 10 board feet (3 ft°) or 
more, as follows: Lee Creek, dead residue, 5.78-1; green residue, 4.68-1; Danby Ridge, 
dead residue, 4.96-1; green residue, 5.01-1. 


Table 2.--Post harvest inventory (5 acres), number of pteces and gross volumes 


Item : Danby Ridge 3 Lee Creek 


Pieces aye M bd. ft. Pieces Ft3 M bd. ft. 
Dead residue 325 3,674 19.34 266 4,262 he) 
Green residue ST 2,996 NBGOS) 591 2,482 Gos) 
Green blowdown 5 71 BART 85° 838 4.04 
Total 707 6,741 33.40 942 7,582 36.48 
(190.74 m3) (214.57 m3) 

Pieces in total 

less than 1/3 136 1,438 Fo ge 156 Sy Ve P2508 
sound 


Pieces in total 
less than 3 ft? 152 270 = 422 640 a 


Number of pieces and net (pulpwood base) volumes! 


Dead residue 208 2,472 We 7/0) 1122. 941 5.80 

Green residue 358 2,800 25,0 580 2,370 Soto 

Green blowdown 5 Sal -41 84 539 3.24 

Total S71 1S, S05 oy ISO In CONN Sn OS Une amit ErC om 
(150.08 m3) (108.95 m3) 


Pieces in total 
less than 3 ft? 136 236 == 399 607 se 


Pieces in total 
less than 10 
bdh £t% 152 -- = 399 BS oe 


1 Includes pieces averaging 27% solid rot and 12% sound defect on Danby Ridge and 
10% solid rot, 4.5% sound defect on Lee Creek. 


RELOGGING 


Utilization Standards and Products 


Although utilization standards were more stringent than normal, an attempt was 
made to recover products merchantable at the time of the study and in the future. Dis- 
cussion with those knowledgeable about buying and selling wood products led to the fol- 
lowing products and standards. 


Sawlogs.--Minimum length, 8 feet 6 inches (2.59 m); minimum top diameter inside 
bark, 4 inches (10.16 cm). All sawlogs cut in multiples of 8 feet (2.44 m). No sweep, 
splits, checks, or rot that would lessen the volume within these minimum dimensions. 
Specifications applied to coniferous species both green and dead. 


Pulpbolts.--Minimum length, 8 feet (2.44 m); minimum top diameter inside bark, 3 
inches (7.62 cm). In effect, one third or more sound and containing at least 0.4 cubic 
feet of useable wood fiber. All species, both hard and soft wood, green or dead, with 
the exception of western red cedar were considered for pulpwood. Pieces containing 
less than one-third sound wood by volume were not considered merchantable because they 
would likely disintegrate during handling. Large logs with crumbly rotten heartwood 
and solid shells were made into products using table 11 (VO-ED No. 38) as a guide. 


Posts.--Lodgepole pine, western Larch, Douglas-fir, and western red cedar were 
considered merchantable for posts. Utilization standards were identical to sawlogs, 
except 7 feet (2.13 m) was the minimum length and 3 inches (7.62 cm) the diameter of 
the small end. 


Shake and shingle bolts.-- Western red cedar was the only species considered for 
these products. All cedar more than one-third sound, at least 6 feet (1.83 m) long, at 
least 12 inches (30.48 cm) at the small end, and capable of squaring out sound 4-inch 
(10.16 cm) pieces was considered. 


Pre-Relogging Inventory 


As mentioned in the post-harvest inventory section, all residue was measured and 
counted. To evaluate the volume, utilization potential, and characteristics of the 
residue, the following information was recorded: 


1. Type of residue--green (created in logging) or dead 

2. Diameter at large end and small end, plus length to obtain volume; the formula 
for a uniformly tapered cylinder and a constant of 0.001818 was used to deter- 
mine cubic foot volumes 


3. Species of piece 


4. Percentage of rot and sound defects that would lessen potential product re- 
covery 


5. Number of sawlogs, poles, posts, pulp bolts or cedar products that might be 
recovered. 


All pieces to be skidded were marked with paint. At Danby Ridge, pieces that 
were likely to break up in recovery (less than one-third sound) were marked with a 
separate color and separated on the landing. Pieces likely to fall apart in relogging 
were not marked or skidded on Lee Creek. More will be mentioned about these pieces 
later. 


The number of potential products made on site from useable pieces are shown in 
table 3. The table reveals that few products were made from pieces containing less 
than 10 board feet (3 ft?) on Danby Ridge; this was not the case on Lee Creek. Green 
residue provided the source for most of the sawlogs on both areas. About 18 percent of 
the sawlogs on Danby Ridge were obtained from green blowdown material, resulting after 
the harvesting was completed. Forty-seven percent of the relogging sawlogs were obtained 
in this manner on Lee Creek. Pulpwood constituted the majority of relogging products 
in both cases, although the size of the material varied greatly between sites. Sixteen 
percent of the pulpbolts were made from pieces containing less than 3 cubic feet on 
Danby Ridge, while this material made up 47 percent of the pulp at Lee Creek. About 
1.7 products were made from each piece of merchantable residue on Danby Ridge and 2.3 
products on Lee Creek. 


Table 3.--Pre-relogging inventory (5 acres), potenttal products marked on stte 


Product : Danby Ridge : Lee Creek 


sanréae? No. of products No. of products 
Dead 5 42 
Green 55 147 
Green blowdown 12 132 


1 
Pulpbolts: 


Dead 410 Dipl 
Green Silk 907 
Green blowdown 5 194 
1 
Posts: 
Dead -- iL 
Green -- 69 


1 
Shakebolts: 


Dead -- 29 
Green ae 18 
Total products 995 1,810 
Total pieces 707 942 
Total useable pieces 571 786 


Products in total that were 
made from pieces less than 10 
bd.ft. or 3 ft? 152 688 


1 
See specifications in relogging: Utilization Standards and Products. 


Post-Relogging Inventory 


After completion of the relogging, each area was inventoried to determine the 
cubic volume of all pieces 3 inches (7.62 cm) or more in diameter and 1 foot (0.3 m) or 
more in length. Table 4 shows the results of this inventory. Pieces longer than 8 feet 
(2.44 m) are included. This is due to one of three causes: too rotten to make products, 
missed in the relogging, broken and abandoned. As mentioned before, pieces less than 
one-third sound were considered too rotten to move and stay together. This hypothesis 
was tested on Danby Ridge. These pieces were marked with blue paint and the operator 
conducting the relogging was asked to attempt skidding them; 70 pieces out of 136 broke 
up in the skidding operation. On Lee Creek, 156 rotten, no product pieces were left 
in place because of the anticipated breakup. 


Table 4.--Post relogging inventory (5 acres) restdue 3 inch diameter or larger 


Study phase : Danby Ridge : Lee Creek 


Pieces Ft3 Pteces Ft3 


Residue volumes 
and pieces before 


relogging: 
Longer than 8 ft 707 6,471 942 T5582 
Shorter than 8 ft INI) 2,199 1,434 1,396 
Total S57, 8,940 2 STAG) 8,978 
(253 m3) (254 m3) 


Residue volumes 
and pieces after 
relogging: 


Longer than 8 ft 1361 1,438 156 3,433 


Longer then 8 ft 
but missed or 


broken 5 12 80 218 
Shorter than 8 ft 1,110 2,199 1,434 1,396 
Total 2a = RG oe Oe 
(103 m3) (143 m9) 
Percent reduction a SLO Omen ee 


166 pieces (641 ft?) skidded and decked Separately 0mprecess left on si1te.nsee 
post-relogging inventory for details. 


Residue Reduction 


One of the objectives of the study was to evaluate additional residue reduction 
achieved by relogging. Post-harvest residues 3 inches (7.62 cm) in diameter or longer 
amounted to 8,940 cubic feet (253 m°) on Danby Ridge and 8,978 cubic feet (255 m2) on 
Lee Creek. Relogging resulted in removal of 5,291 cubic feet (150 m%) on Danby Ridge, 
a reduction of 59 percent. An additional 3,931 cubic feet (113 m3) was removed in re- 
logging Lee Creek, a reduction of 44 percent. A per-acre approximation of the cubic 
volumes existing prior to each treatment is shown in table 5. Pre-harvest volumes were 
found by applying a board foot:cubic foot ratio of 5 to 1 to the total of table 1. 
Post-harvest and post-relogging volumes were obtained from table 4. 


Residue conditions following relogging on both study areas are shown in figure 3 
(Danby Ridge) and figure 4 (Lee Creek). 


Table 5.--Gross restdue volumes per acre for major phases of study 


Study phase : Danby Ridge : Lee Creek 


Cubte feet Cubte feet 
Preharvest 4,500 3,760 
Harvesting: 
Post harvest 1,788 1,805 
Residual 20 500 
Total 1,808 29505 
(51 m°) (65 m°) 
Relogging: 
Post relogging 730 1,009 
Residual 20 500 
Total 750 1,509 
(22 m3) (43 m9) 
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Figure 4.--Lee Creek sale following reloggting. 


iat 


Product Recovery 


The decked material could not be sold when the pulp market weakened throughout the 
Northwest about the time the study was concluded. Total merchantable products and cubic 
volumes are based on roadside-decked pieces. The figures in table 6 were derived by 
subtracting the post-relogging inventory from the post-harvest inventory. This method 
was followed because (1) only cubic volumes were measured during the relogging, (2) not 
all pieces were measured, and (3) some rotten pieces were left on Danby Ridge, and 
others were skidded. On Lee Creek, a number of sound pieces were broken or missed and 
were deducted from the total number of products recovered. 


Table 6.--Number of products recovered (5 acres), as marked and decked. 


DEOdUCE Danby Ridge : Lee Creek 
Marked : Decked : Marked : Decked 
Seae es oS oe PCOS 2 Ss Ss oo s Ss 
Sawlogs UZ 72 321 321 
Pulpbolts 928 921 S72 1,219 
Posts -- -- ~~ YQ 69 
Shake and shingle 
bolts mcs ae 47 47 
Total 1,000 993 1,810 1,656 
Production Analysis 


A principal objective of this study was to compare relogging production rates, 
using equipment common to north Idaho. Both the logger and the landowner must have 
incentives to remove and utilize residues. One real incentive is removing enough ad- 
ditional wood to pay for the cost of relogging. Value cannot be estimated unless the 
time required to harvest products or wood fiber is known. Production rates are known 
for logging equipment in the major timber types of north Idaho. The operator usually 
compares his equipment to these norms; given volume, distance of skid, and other 
operating conditions, he establishes his own production rate and costs. 


Relogging production rates are not known; thus a logger has no comparative data 
from which to establish his own production rate and cost. The following analysis 
(tables 7 and 8), although limited to two stands and two skidding systems, should pro- 
vide a basis for comparison. 
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Table 7.--Relogging production data: actual work day vs. 8-hour day 


Item 


Number of pieces 

Number of days 

Number of pieces per day 
Number of pieces per 8-hr day 


Average, hen ptehmor spale CCl alcvelerere circles FECt 1. 
Average small-end diameter......... inch.. 
WOMCIMN@S 95 50000000000000000000 Cubic, feet. 
Wolves, josne GIEDY5 cacoonoc0UDOUO cubiegieet .. 
Volumes perso hr edaiyjjeie cr. ste <1 ele cubic feet.. 


Number of turns 
Number of turns per day 
Number of turns per 8-hr day 


rXOXGMOISIEmWON TEINS jorsse GIEWYo no cGoGC0OK6 hours.. 
Production time per 8-hr day...... hours.. 
Non-production time per day....... hours.. 


Non-production time per 8-hr day..hours.. 


Danby Ridge 


307 
5 
61 
104 
A SO) 


Lee Creek 


471 
2 
255 
259 
BSc 


Table 8.--Relogging productton: average times and distances by turn 


Parameter 
Production elements: 


Time out..(all times in minutes).. 
Hook time 

Bunch time 

Time in 

Unhook time 

Landing time 

Round-trip time 

Misc. production time 


Non-production elements: 


Personnel not working 
Machine down time 


One-way, dilsitancenrieryerie eae OCG c 
Number of pieces 
WOHUMNGs cocoo0 000 d0000C cubile) feet... 


Danby Ridge 


rPNOrFrOrFrN © 
FPOWOrF WO WOW WO 


70 


BY 9 UZ 


RS 


Lee Creek 


COOrRrFPRrPrE WH 
NNODOOrFrODOHWOOA 


204 


Skidding methods and equipment.--Two conventional mobile skidding methods were 
compared: a crawler tractor (Danby Ridge) and a rubber-tired skidder (Lee Creek). 


1. Crawler tractor (fig. 5). The crawler tractor evaluated was an old Cater- 
pillar Model D2, a machine used for light-duty construction, forestry, and 
farming. Skidding was accomplished by placing two or three chokers over a 
drawbar pin. Usual skidding procedure was to drag one to three logs to the 
edge of the long axis of the area. Because the tractor lacked a blade, little 
bunching of the logs was possible. The operator was instructed to skid all 
sound pieces and to attempt to skid unsound pieces. Machine down time was 
common. A total of 9 full and partial days were required to complete the 
skidding of the 5-acre (2.02-ha) tract. 


Figure 5.--Relogging Danby Ridge with small crawler tractor. 
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2. Rubber-tired skidder (fig. 6). A medium-sized, rubber-tired skidder was 
selected to represent a type of machine commonly used in north Idaho. This 
unit was a John Deere Model 540 equipped with a winch and five to seven chokers. 
In practice, five to seven logs were skidded to one of three landings. (The 
blade of the skidder was used to deck the pieces 6 to 8 feet (2 to 3 m) high. 
The operator was free to skid as he wished, provided that all marked pieces 
were removed. No machine down time other than fueling was noted for this 
operator. Two full days and 1 partial day were required to skid the 5-acre 
(2.02-ha) area. In both instances, the wood recovered was not sold to the 
logger. 


| 


Timed observations.--Two people observed production on each study area. One indi- 
vidual, positioned at the landing, recorded number of turns and pieces and measured 
length and diameter on all pieces. The second person followed the turn of logs from 
the woods to the landing. All elements of the operation were timed with a stop watch 
to the nearest hundreth of a minute. Elapsed time for each event was noted, then the 
watch was kept running. This method allowed for a slight error when compared to total 
operating time (about 2 to 3 percent short). Unusual delays in production were noted. 
Because the crew members were in frequent contact, number of pieces per turn, turn 
number, and gross time could be compared. 


Figure 6.--Relogging Lee Creek with rubber-tired skidder. 
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Because the skidding systems were investigated under different stand and operating 
conditions, total skidding time was broken into minor elements to facilitate comparative 
analysis of the data. Production elements directly related to output per turn (skid- 
ding) were added to obtain round-trip time. Breaks in the round-trip time were clas- 
sified as productive and nonproductive delays. Productive delays include items such as 
hang-ups, straightening out chokers, and moving stumps. Nonproductive delays include 
operator breaks, machine down time, and operator discussion with the study team. Be- 
cause of scheduling problems and the demands of other work necessary to complete the 
study, only a portion of the actual production process was timed on each area. Lee 
Creek was timed 2 days out of the 3 production days. Danby Ridge was timed 5 days out 
of 9 days. In both instances, the operator kept track of total hours worked, total 
number of turns, and pieces when the study team was absent. The results of measured 
total production variables can be seen in table 7. 


The most important production activity for which data was gathered was roundtrip 
skidding time composed of six elements: 


1. Out-time. Time required to move the skidding unit from the landing to the 
general area where the logs are to be hooked. Out-time starts when the skid- 
der leaves the landing and stops when the machine arrives at the hooking site. 


2. Hook-time. Time required to get a choker around a log. Hook-time starts when 
the operator gets off the skidder. It ends as he returns to his machine. 


3. Bunch-time. Time required for lateral movement of one or more logs prior to 
moving towards the landing with a turn. It also includes the time necessary 
to break pieces loose from their initial resting place and place them where 
they can be reassembled. Bunch-time started as the machine or winch started to 
apply pressure to the choked log. It ended when the piece was lined up to 
start for the landing. 


4, In-time. Time required for the skidding unit to move individual pieces, and 
the turn towards the landing. In-time started when a piece was started to- 
wards the landing. It ended when the load was deposited on the landing and 
the machine stopped. 


5. Unhook-time. The time required to unhook the turn and drag the chokers free. 
Unhook-time started when the operator stopped on the landing and ended when 
the chokers were in position for the trip out and the operator was back on 
his machine. 


6. Landing-time. Includes all time on the landing other than out-time, in-time, 
or unhook-time. Landing-time started when one of these three activities 
ceased and stopped when they were resumed. 


A summary of average production elements by turn is shown in table 8. These aver- 
ages are delay free. The effect of delays may be found by adding miscellaneous down 
time, machine down time, and operator time out to round trip time. 

Produetton findings.--Tables 7 and 8 prove the value of using equipment designed 
and built specifically for moving small pieces of wood. Neither the tractor nor the 
rubber-tired skidder operated as efficiently as stand condition, piece size, and time 
would indicate. This conclusion is based on the following observations: 


1. Poor tractor maintenance contributed to short work days. 


2. Lack of a winch required excessive bunching time. 
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3. The tractor was much slower than the skidder. The average one-way skid was 
only one-third as far, but required 75 percent of the time taken by the skid- 
der. Difference in skidding distance on two areas of similar configuration 
and size was due to the rubber-tired skidder making only three decks and the 
tractor stringing out the turns along both long axes of the area. 


4. Due to larger residue size and a shorter one-way skid on Danby Ridge, the 
tractor moved approximately the same cubic foot volume per hour as the rubber- 
tired skidder moved on Lee Creek. 


5. The skidder was worked far below capacity. The operator was unable to add 
enough chokers to work his machine efficiently. The tractor worked at or near 
capacity much of the time. 


6. Because of its size the skidder crushed and broke more material than the small 
tractor broke at Danby Ridge. 


Regresston analysts.--Regression equations of the form Y = b +b,X were calculated 
for each of the independent variables thought to influence some dependent production 
element. The t-statistic was used to test the hypothesis that a linear relationship 
exists between the two variables considered. All tests were done at the 95 percent 
confidence level. A linear relationship was shown to exist in many cases. Looking at 
the R* value makes production variation more meaningful. R* indicates the proportion 
of variation in Y explained by X. For example, an average of 40 percent of the varia- 
tion in time out (table 9) is explained by distance. The results for other production 
elements are shown in table 9. 


Table 9.--Reloggitng productton regresston coefftctents 


: : Danby Ridge ; Lee Creek 

Y : X : by : b, TERARZ SS Kt=tesit'y by : by RZ esatest 
Time out dist. O65 Oo007 Wss8 be 0.63 0.005 0.42 eo 
Time in dist. 552) .005 5A * 155 . 004 .43 cd 
Time in turn vol. .65 6 Oil 14 * .94 .005 . 009 
Time in no. logs - 88 .02 -001 .64 .07 303 
Hook time NOs logs, W522 .46 .14 <a 1.58 so SELy/aieei 
Bunch time no. logs . 08 5 ll 255 = ater . 03 . 006 
Unhook time no. logs 5) OU oS id .54 .07 Of 3 
RT time NOP Oss S64 .99 . 08 * 5.87 .60 NS 
RT time tummy voll 97.154 .03 .02 3 9.16 .O15 .006 
Y = bytb,X 


*Indicates that on the basis of the data, a linear relationship exists between the two 
variables (t-test done at the 95 percent level). 
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DISCUSSION AND CONCLUSIONS 


The data presented indicate the volumes and characteristics of logging residue 
left in north Idaho's mixed conifer stands following sawlog removal. By conventional 
sawlog standards, little merchantable residue remained on either site after logging. 
However, the material that was left offered real, although varying possibilities for 
additional product recovery and residue reduction. The study produced the following 
conclusions: 


1. Residues left on site after conventional sawlog harvesting vary in defect, 
condition class, and individual size (table 2). 


2. Initial harvesting of other products may reduce the need for relogging. Re- 
moving pulpwood of conventional standards would have left few useable residues on Danby 
Ridge (table 3). Conventional removal of pulp on Lee Creek would have left numerous 
small pieces of potentially useable residue. 


3. Stringent utilization standards resulted in 993 products (mostly pulpwood) and 
5,291 net cubic feet of wood fiber being removed in relogging Danby Ridge (tables 4 and 
6). Some 1,656 products and 3,821 net cubic feet were removed on Lee Creek. 


4. A cubic foot volume comparison of post-sale residue and post-relogging residue 
larger than 3 inches (7.62 cm) in diameter showed a 59 percent reduction on one area 
and a 44 percent reduction on the other. 


Although further study is needed to determine the most efficient equipment for 
relogging, the following factors strongly influence production rates: 


1. As with conventional harvesting, machine capacity and design must be matched 
with wood size and character. The value of equipment that matches residue conditions 
is best shown by the total relogging effort on the study areas. The tractor on Danby 
Ridge required 44 hours to skid 632 pieces (6,026 feo) (LITAl m?]) an average one-way 
distance of 70 feet (21.34 m). The rubber-tired skidder needed only 22 hours to skid 
625 pieces (3,062 ft? [87 m?]) an average one-way distance of 204 feet (62.18 m). 
However, due to the larger piece size on Danby Ridge, on a per-hour basis approximately 
the same cubic volume was skidded on both areas. 


2. Machines designed for conventional harvesting operate far below volume capac- 
ity on relogging sites where numerous small pieces of wood fiber must be recovered. 


3. Until equipment designed for relogging is readily available, cheap multi- 
purpose equipment appears to offer the most practical means for relogging. 


18 


dtnd %¢z 
¢/7Z-99 


dtnd %¢z 
¢/7-99 
5 %0S 


dtnd %¢7 
¢/7-99 


¢/2-99 


¢/7-99 


"40d 


BOT ut: do. 


TINO 


FS CuCE 
Sc OT 
Gets 


+9791 
SG*GlE 
Sc*OL 
S7°8 


SGTGl 
Sc°Ol 
SEE 


SGsGU 
Sc Ol 
SGa8 


SCms: 


poof 


Yq3UeT 


UP GISD 8 poyzou 
: OZTS : BOT wnwtuty: wnututyW : 


IOPprys 

poit}-Loqqnaz [Teus Y 
(p-d) toOTMeID [TT eUS 

6 “BUTT TOF MeSUTeYD 


LOppIys 10}9e 1} 
IO[MeIO Y patti 
-Ioeqqni wntpouw 


Or ‘SUT[TIOJ MesuUTeY) 
pest ysty 

roume C 

Or ‘SuT[TOF mesutTey) 
TOpPprys 


pott}-Loqqniz wntpow 
5 SUTT[TOF Mes 
Il uteyo ‘y4sueT oot] 


(oSp-ar) 

SUTPpTYS 1079eI1} 

JeTMeIos [Tews 4 

6 SUTTIOF MeSsUTeYD 


(p-d) 

SUTPpIys 10}IeI} 

IOTMeIO T[eUS ¥ 

v SULT[OF MesuTeY) 


Ssutss07] 


spiepue}s UOTIEZTITIN 


8014814038 a7Ds coquiz hoains-adg--*0T eTqeL 


dtnd 
‘TOUT ‘poAoUOL 


“U'G"P 46 tEA0 
ALOYSIIAO TLV 


dtnd 
JO [eAOWOL 
YIIM ynoszreETO 


S991} poogs 


IAVIT-0}-poysep 


s991} poos 


DAROT-0}-poysEp 


(Sutuutyy 
TeLILTOWWOS ) 
uOT JIE TIS 

3nd -07-paysep 


Suruutyy 
97 eT pews ZU] 


ZUSsWU} PSL 
TeANI[NOTATTS 


I XIGNdddvV 


2°v 

JO poAowot 

dtnd * {out 
L°8 


Creal 

JO poaowor 
dtnd * [out 
CuO 


Gin: 

JO poaouor 
dtnd * Tout 
T's¢ 


poaouor 
qou d[ng 
Le Sik 


poaouwor 
qou dng 
8°6 


poaouor 
qou ding 
0°8 


peArousy 


ouNTOA poeTeds 


adon/4f "Pq W------ 


* TOUT 
dtng 
SOLE 


“Tour 
dtnd on 
8°97 


“TOUT 
dtnd on 
GEM 


“TOUT 
dtnd on 
O°OL 


OUNTOA 
astnig 


*sIk 09 
‘payx901S [TOM 
‘aztsaztod poxtu 
Z9AO **SIK COT 
‘peys03ys ATIood 
IOQUTIMeS POXTW 
SLVId ANId MOV’ 


0 0°OS 


*payo0qs 
Ajiood ‘ssuttpaes 
poxtu IaAo0 "sak 
+00Z ‘poyxs03S TIOM 
“IOqUTIMES POXTW 
INNH-NVIGNI 


02 O°Ts 


*sI& QOT 

“‘poyoois T[OmM 
*JOqUTIMeS POXTW 
MHFUO UAHATIS “Ad oN 


09 7°SD 


"SIA QO8 

‘payoo3s AT1t00d 
aztsetod paxtu 
IaAo **SIX QOT 
*payso0qs wntpow 
‘JOqUTYMeS PoXTW 
dOaIY AGNvd 


£T 0° Lz 


*sIK 09 

‘payooys ATa1ood 
aztsetod poxtw 
IOAO *SIA COT 
*‘payoo1s wntTpou 
‘JOqUTIMeS PaXxTW 
MAINO AAT 


ST 0°<2 


*sIk QS ‘payo0 ys 
-ITemM ‘aztsotod 
PoxTW IaAO “SIA G/ 
‘peyo0iys ATLood 
*LTOqUTIMeS POXTW 
OOTIHD 


"40d adoy 
adots OZIs 
“SAY 8 ceiiy 8 


aweu aTes 


19 


yx U.S. GOVERNMENT PRINTING OFFICE: 1979—677-019/91 REG. 8 


OUM - todteT ZO doz ZT X +,9 - ITOg oYeYS pue oTsutYyS ‘gSs 

Jum zdooxe sotoods [Ie ‘rodreT to dod ,¢ x ,g - aTog ding ‘dad 
ODUM ‘ddl “IM ‘dq ‘xe8areT ro dod ,¢ X ,OT 04 149 - 4S0d ‘d 

DUM ‘ddl “IM ‘dad ‘doz yes X ,0Z 02 48 - ATO TezZ09 ‘aD 

OUM ‘ddT “IM ‘dd ‘3y8terys pue doz 6 X ,ZT 04 8 - BoTeSNoH “TH 

sotoeds snozeztuod T[e ‘resareT 10 dod yp X 49,8 - BoTMeS ‘1S 


uo1z.varfissn1) fiqwdowd - szonpoddy 


Z 50 avs. 10) 10 02 LSZ vz 9TS 9f°y B8V'C ¥8°9 [igS) SENG 3S) IIL vVSTT £99 LI81 SETA OUTd YeL 
6 iy BS aN 881 762 O8b v's 06°2 I£°8 VSO 2 8CeCOe CSN s: LELT S9ST cvs yun UeTpuy 
8 SS Sil OO ws 8872 Lvs SSO ASAE Cm COMMS a OSialE ESHOTS SOME 29 Sere S821 tbl LZ0Z “IQ TEATTS “Ad “N 
v SEO Or =) 0 ZOE O6T c6b SLB °6 S6"T CSTs 96 sil ho Se WAS SC L201 8st I1LvZ ospty Aqueq 
8 NG MG O ©. 8IV 8If Sa SSA OS SVAP OE Stalin VEva Cle COmSit, 61ST 6772 88s YPI9IQ 997] 
0 Coma Om 1004 T0Z vst SHS IIS REG = 7728) 0O0°b =br’t bb's cl 6S¢ cLv OoTTYD 
---------- adOD/*O\----------- _ -----ad00/80001d----- ---------------- ----------------  --------- --------- 

ass dd d dd TH TS :punosuf, punos [PI0OL -E-T wl-O T[®IOL : punog usz}0Y TeIOL : PR). 2) Glo 

g : : :ONpTSoL onprsot onptsodg: 

: : s[Tony out : > peod us0iI9 TeqoL : oueu oTes 

s}ONpodidy > yysueT Aue + "RTP WES Co ueYy. ToT TeuUs : LOBIeT 9 “ep EF : ZToesIeT Y “ep FC 
: S999Td : 1YyZTOM : 1Y3TOM : owNTOA : 


$41NSed SzUuauaInspeu aeNp1sed faadns ZoOesUDA, 21D8-41S0g--"IT ede 


II XIGNdddV 


20 


Chase, Alfred L. 
1979. Salvaging logging residues in mixed-conifer stands of north Idaho. 
USDA For. Serv. Res. Pap. INT-225, 20 p. Intermt. For. and Range 
Exp. Stn., Ogden, Utah 84401. 


Describes the condition and volumes of residues following conventional 
logging of two mixed conifer stands in north Idaho. Presents production rates 
and additional products recovered in relogging to more stringent than normal 
utilization standards. 

Relogging of conventionally harvested stands offers possibilities for addi- 
tional product recovery and debris reduction. Comparison of volumes of residue 
larger than 3-inch-diameter before and after logging showed a 44 percent re- 
duction on one site and a 59 percent reduction on the other. 


KEYWORDS: logging residues, salvage logging, logging practices, wood uti- 
lization. 
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